Introduction: The aim of the study was to compare glycemic and weight change outcomes for type 2 diabetes patients treated with either exenatide once-weekly (EQW) or exenatide twice-daily (EBID) with those patients treated with basal insulin (BI). Methods: Retrospective data (2010-2014) were extracted from the Clinical Practice Research Datalink, a UK primary care database. Patients previously naïve to injectable therapy initiating EQW, EBID, or BI were extracted and matched by propensity score within two analyses (EQW vs BI and EBID vs BI). Absolute and relative change in HbA1c and weight from baseline and the proportion of patients achieving HbA1c B 7.0% (53 mmol/mol) combined with weight reduction targets of (1) any weight loss or (2) C 5.0% from baseline were compared at 6 and 12-24 months.
INTRODUCTION
Most commonly, patients diagnosed with type 2 diabetes (T2DM) are initially treated with lifestyle modification, focussing upon diet and exercise regimens. If this is unsuccessful, patients are then treated with glucose-lowering drugs. Current guidelines recommend that patients initiate treatment with metformin, assuming an absence of any contraindications [1] . If and when their glucose control worsens, treatment is intensified with the addition of other glucose-lowering drugs in combination as dual-therapy, and then as triple therapy. Ultimately patients may require insulin. The treatment of T2DM, however, is complex, as whilst the primary aim of treatment is to maintain normoglycemia, this must be balanced against other factors such as weight gain and hypoglycemia resulting from exposure to either insulin secretagogues or exogenous insulin injections. This is particularly important as it has been reported that over 80% of patients are overweight or obese on first T2DM presentation [2] and some antidiabetic drugs are associated with weight gain [3] which is known to increase cardiovascular risk.
During the 2000s, incretin-based drugs became available, which provided new treatment options for patients with T2DM. However, these new therapies are more expensive than established agents [4] and so need to demonstrate not only efficacy but also their relative cost-effectiveness. Exenatide affects the incretin pathway and is part of the glucagon-like peptide-1 receptor agonist (GLP-1RA) class. Like insulin, it is injectable, but has the benefit that a recent formulation with microsphere technology, exenatide QW (Bydureon), only has to be administered once weekly with fixed dose, thus removing the need to titrate. Randomized controlled trial (RCT) data has shown at least equivalence in glucose control [5] [6] [7] for patients treated with exenatide formulations compared with insulin-based regimens and also significant reductions in weight [5, 7] . Additionally, one real-world analysis has shown that exenatide BID conferred cardiovascular benefit when compared to insulin-based regimens [8] , and though the results were not statistically significant, there was an association with reduced mortality [9] . A potentially key contributing factor could be that exenatide is associated with weight loss [10, 11] . In addtion, exenatide avoids the need to expose people to exogenous insulin which has been reported to increase the risk of serious adverse outcomes [12] . A study comparing exenatide QW to placebo reported a non-significant reduction in rate of major adverse cardiovascular event (MACE) [13] .
In this study, we compared real-world effectiveness outcomes for patients with type 2 diabetes initiating glucose-lowering treatment with either exenatide as a weekly formulation (exenatide QW) or as a twice-daily formulation (exenatide BID) versus patients initiating treatment with basal insulin-based regimens.
METHODS

Data Source
Patients were selected from the Clinical Practice Research Datalink (CPRD) [14] between January 1, 2009 and December 31, 2014. CPRD is a longitudinal, anonymized research database derived from nearly 700 primary care practices in the UK which are considered representative of UK primary care as a whole. The primary care dataset (CPRD GOLD) comprises data on demographics, diagnoses, hospital referrals, prescriptions emanating in primary care, and other aspects of patient care. Diagnostic information in the CPRD primary care dataset is recorded using the Read code classification, a UK primary care practice standard. This article is based on previously conducted studies and does not involve any new studies of human or animal subjects performed by any of the authors.
Patient Selection
Patients defined by CPRD as being of acceptable research quality were classified as having type 2 diabetes if they had a Read code indicative of diabetes and if at least one of the following selection criteria applied: 1. More than one diagnostic record exclusively for type 2 diabetes 2. Prescriptions for two or more different classes of non-insulin glucose-lowering therapy 3. A diagnostic code indicative of type 2 diabetes (regardless of conflicting diagnoses of type 1 or nonspecific diabetes) plus a prescription for a non-insulin glucose lowering therapy Cases were defined as those patients prescribed exenatide. Two groups of cases were selected on the basis of the exenatide formulation received, that is either exenatide QW (Bydureon), a onceweekly formulation or exenatide BID (Byetta), a twice-daily formulation. Exenatide could be prescribed either as monotherapy or in combination with one or more other oral glucoselowering therapies. Patients were excluded if they had received prior injectable diabetes therapy or had less than 90 days of continuous exposure to the exenatide therapy.
Control patients were selected from the pool of type 2 diabetes patients who had a prescription for basal insulin either as monotherapy or in combination with one or more other oral glucose-lowering therapies. The same exclusion criteria applied to exenatide cases were used.
Patients in each case group (exenatide QW and exenatide BID) were matched by propensity score. The covariates included in the propensity matching were age, gender, BMI, diabetes duration, year of index exposure, HbA1c, smoking status, systolic blood pressure, total cholesterol, serum creatinine, and Charlson index [15] . The Charlson index predicts 12-month mortality based on the presence of 22 underlying morbidities. To maximize patient numbers with data available at each time point, patients were rematched for each outcome.
Date of first prescription of either exenatide or basal insulin was defined as the index date.
Outcomes
The primary outcomes were HbA1c and weight change. Baseline measures were defined as any measurement between -180 days and index date. Change in each outcome was measured from baseline to the nearest recorded measurement at 6 months post-baseline (± 90 days), and 12-24 months post-baseline (± 90 days) for those patients remaining on their index regimen. For HbA1c, change was measured as absolute difference and proportion of patients for whom HbA1c fell below 7.0%
(53 mmol/mol). Weight change was recorded as absolute change in kilograms and as percentage change. Two additional composite endpoints categorized patients that achieved HbA1c B 7.0% (53 mmol/mol) and also (a) any weight loss and (b) weight loss of C 5% baseline.
A secondary outcome was time to severe hypoglycemic event defined by Read code in the primary care dataset. Time to event was compared in a Cox proportional hazard model adjusting for age, gender, baseline HbA1c, and Charlson index.
Data and Statistical Analysis
Baseline characteristics of patients initiated on either exenatide BID or exenatide QW and basal insulin were presented. Differences between characteristics were tested using the t test for continuous variables and Pearson v 2 for categorical variables.
Changes in HbA1c and weight from baseline at 6 and 12-24 months were calculated and differences between treatment groups compared. Differences were considered as both an absolute and relative change from baseline and compared between groups using the t test.
Two composite endpoints were considered that were based on the proportion of patients: (a) Reaching a target of HbA1c B 7.0%
(53 mmol/mol) with any weight reduction (b) Reaching a target of HbA1c B 7.0%
(53 mmol/mol) with weight reduction C 5% The proportions of patients reaching these endpoints were compared by v 2 test. Analyses were performed for all patients and for those matched by propensity score.
RESULTS
Study Numbers and Baseline Characteristics
Following the application of the study criteria, the study cohorts contained 485 patients initiating on exenatide QW, 3573 patients initiating exenatide BID, and 13,503 initiating basal insulin. The overall baseline characteristics are Tables 4 and 5 .
Exenatide QW Versus Basal Insulin: HbA1c Change
In the unmatched cohorts, mean HbA1c at 6 months fell by 1.3% for those treated with exenatide QW compared with 1.5% for those treated with basal insulin. At 12-24 months, the corresponding figures were 1.2% and 1.5% (Table 3 ). In the propensity matched analysis, the mean HbA1c fell for both treatment groups with respective changes of 1.3% and 1.2% at 6 months and 1.2% and 1.2% at 12-24 months. There was no difference in the change in HbA1c between the two treatment groups at the conventional level of statistical significance (Table 4) .
Exenatide QW Versus Basal Insulin: Weight Change
In the unmatched cohorts, mean weight at 6 months fell 3.8 kg in those patients treated with exenatide QW compared with an increase of 1.3 kg for those treated with basal insulin, a difference of 5.1 kg. At 12-24 months the respective figures were -4.0 and ? 2.2 kg (Table 3 ). In the propensity matched cohorts, mean weight change at 6 months was -3.7 kg for patients treated with exenatide QW compared with ? 1.2 kg for those treated with basal insulin; this was a statistically significant difference in weight loss between the groups (p\0.001). Similarly, at 12-24 months, weight change was -3.2 kg in those patients treated with exenatide QW compared with ? 2.5 kg for those treated with basal insulin (p\0.001; Table 4 ).
Exenatide QW Versus Basal Insulin: Combined Endpoint
In the propensity matched analysis comparing exenatide QW and basal insulin, a significantly greater proportion of patients treated with exenatide QW reached the target of HbA1c B 7.0% (53 mmol/mol) with corresponding weight loss. The respective proportions at the 6-month and the 12-24-month time windows were 22.4% versus 9.9% and 18.2% versus 8.0%, respectively for exenatide QW and basal insulin. For the (Table 6 ).
Exenatide BID Versus Basal Insulin: HbA1c
In the unmatched analysis, HbA1c fell by a mean of 0.9% in those treated with exenatide BID compared with 1.5% in those treated with basal insulin at 6 months, and 0.9% and 1.5% at 12-24 months (Table 3 ). In the propensity matched analysis comparing exenatide BID and basal insulin, mean HbA1c fell for both treatment groups with respective changes of 1.0% and 1.0% at 6 months, and 1.0% and 0.9% at 12-24 months. There was no difference in the change in HbA1c between the two treatment groups at either time point at the conventional level of statistical significance ( (Table 3 ). In the propensity matched analysis comparing exenatide BID and basal insulin, mean weight fell for those prescribed exenatide BID but increased for those prescribed basal insulin. The respective changes were -3.5 and ? 0.82 kg at 6 months and -4.7 and ? 1.7 kg at 12-24 months. All differences were statistically significant (Table 5) .
Exenatide BID Versus Basal Insulin: Combined Endpoint
In the propensity matched analysis comparing exenatide BID and basal insulin, a significantly greater proportion of patients treated with exenatide BID reached the target of HbA1c B 7.0% (53 mmol/mol) and weight loss. The respective proportions at the 6-month and 12-24-month time windows were 15.2% versus 6.2%, and 18.4% versus 8.4%. For the second target of HbA1c B 7.0% (53 mmol/mol) and minimum 5% weight loss, there was also a significantly greater proportion of patients achieving the target at each time window. The respective proportions were 10.0% versus 2.6% and 16.3% versus 5.2% at the 6-month and 12-24-month time windows (Table 5) . 
\0.001
Exenatide BID Versus Basal Insulin: Time to Severe Hypoglycemia There were 5 (1.5 pky) severe hypoglycemic events recorded for patients treated with exenatide BID in the unmatched cohort compared with 167 (15.5 pky) in those treated with basal insulin; the hazard ratio was 0.228 (95% CI 0.092-0.570). For those patients matched by propensity score the respective events were 5 (2.2 pky) versus 17 (7.4 pky) with an adjusted hazard ratio of 0.369 (95% CI 0.134-1.017) ( Table 6 ).
DISCUSSION
The treatment of diabetes emphasizes the maintenance of normoglycemia by either diet or pharmaceutical intervention. However, other factors are also important including the impact The reductions in HbA1c in both the exenatide and basal insulin cohorts observed in the propensity analyses were broadly similar to that observed in randomized clinical trial settings [16] . Although we did not report any significant difference between the study arms, Davies et al. [5] reported a significantly greater reduction in HbA1c for exenatide QW versus basal insulin detemir at 26 weeks with respective reductions in HbA1c of -1.30% and -0.88%. Similar reductions have also been reported when comparing exenatide BID with insulin glargine (respective decreases of -1.25% and -1.26%) [7] . This reduction appears to be long-lasting as Diamant et al. [6] reported a statistically significant decrease in HbA1c at 3 years of -1.01% and -0.81% for patients treated with exenatide QW and insulin glargine, respectively.
A UK observational database study comparing glycemic and weight outcomes for patients prescribed GLP-1 versus insulin (glargine, detemir or NPH) also reported similar findings of a non-significant decrease in HbA1c and a significant difference in weight change favoring the GLP-1 cohort [17] .
It is well documented that exenatide is associated with weight loss [18] , whereas insulin leads to modest weight gain [19] . This was confirmed by our study which again supports findings from the clinical trials comparing exenatide with basal insulin. In a comparison of exenatide QW versus insulin detemir respective weight change of -2.7 and ? 0.8 kg was reported, whereas in comparison of exenatide BID [4] with insulin glargine respective weight change at 26 weeks was -2.73 kg compared with ? 2.98 kg [6] .
Two randomized trials considered a target HbA1c outcome combined with weight loss. On the basis of a target of HbA1C B 7.0% (53 mmol/mol) and weight loss C 1.0 kg, 44.1% patients treated with exenatide QW compared with 11.4% of determir treated patients achieved the target [5] . An earlier study considering a target of HbA1C B 7.4% and weight loss C 1.0 kg reported 53.4% of the exenatide group reaching target compared with 19.8% for the insulin glargine group [7] .
This study therefore confirms that without compromising glycemic control, exenatide confers significant improvements in weight profile compared with basal insulin and that these findings transfer from trial settings to realworld practice. This may result in reduced healthcare costs as demonstrated in a companion study based on the same study cohorts in which we reported a significant reduction in healthcare utilization and associated costs [20] .
As with all real-world studies based on routine data, there are certain limitations that must be considered in interpreting these results. Unlike a trial situation, patients were not randomized to particular treatments, thus confounding by indication should be considered as a potential factor. It is clear from the initial patient pools (Tables 1, 2) that there are significant differences between those prescribed exenatide and those prescribed basal insulin at baseline. UK guidelines recommend the use of GLP-1 receptor agonists such as exenatide after the failure of triple therapy for patients with BMI C 35 kg/m 2 or for whom treatment with insulin would have significant occupational problems [21] . Consequently within this study, patients prescribed exenatide QW and exenatide BID had far higher BMI than those prescribed basal insulin (37.5 and 38.7 versus 29.9, respectively). The propensity matching process equalized the difference in baseline characteristics but it should be considered that those basal insulin patients who were matched by propensity score may therefore be considered atypical of the cohort as a whole and the generalizability of these results to the wider cohort should be considered. However, the results observed in the unmatched analysis were broadly similar to those observed in the propensity matched analyses for the basal insulin cohort. Patients included in the analyses also had to have remained on the index therapy at each time point. By definition therefore, patients who discontinued therapy quickly because of perceived lack of effectiveness or adverse events were excluded.
Within routine data, the HbA1c and weight outcomes were not collected systematically but were collected as part of the day-to-day patient administration. Patients with complete or nearcomplete data items may differ from those without. This may be due to the fact that they have more frequent consultations and thus greater chance for these parameters to be collected opportunistically or that they have characteristics which might increase the likelihood of such measurements being taken. A patient that appears overweight or obese, for example, may be more likely to have their weight recorded. As an example, in our study patients with weight recorded at 6 months in the EBID cohort had a mean baseline weight of 112.5 kg compared with 110.5 kg for those without a value recorded at 6 months.
Whilst we are able to determine the number of prescriptions issued we are not able to determine whether the prescriptions were collected or whether the patient was compliant with their regimen. However, the observation of reduced mean HbA1c in all cohorts may indicate compliance at a group level.
CONCLUSION
In this study we found that patients prescribed exenatide as either QW or BID formulations in real-world clinical practice had a decrease in mean HbA1c which was not significantly differently to that observed in those patients prescribed basal insulin. Moreover, these patients also had significant weight loss.
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